Introduction {#s1}
============

Endometriosis, which is defined by the presence of endometrial tissue outside of the uterine cavity, is one of the most common gynaecologic disorders causing pelvic pain and infertility [@pone.0062370-Burney1]--[@pone.0062370-Bulun1]. Despite the high prevalence and incapacitating symptoms of endometriosis, the precise pathogenic mechanisms of this condition remain unsolved. Sampson's theory of retrograde menstruation is, by far, the most widely accepted [@pone.0062370-Sampson1]. However, although this theory explains the migration of endometrial fragments to ectopic locations, additional steps are required for the development of endometriotic implants [@pone.0062370-Hapangama1]. The establishment of these lesions is accompanied by inflammation, neoangiogenesis and subsequent fibrosis, accounting for the symptoms described [@pone.0062370-Laschke1].

Endometriosis is a multifactorial disease in which endometrial and peritoneal factors such as those related to angiogenesis and proteolysis may be involved [@pone.0062370-Kobayashi1]--[@pone.0062370-Cosn1]. According to that, components of peritoneal fluid have arisen as an important field of study, provided that ectopic lesions located in the pelvic peritoneum are completely submerged in this fluid [@pone.0062370-Koninckx1]--[@pone.0062370-Liu1]. Moreover, previous studies have reported that the peritoneal fluid from women with endometriosis induces cell proliferation *in vitro*, although the mechanism underlying this effect has not further been investigated and remains unknown [@pone.0062370-Liu1]--[@pone.0062370-Minici1].

Angiogenesis may play an important role in the pathogenesis of endometriosis. Endometriotic implants require neovascularization to proliferate, invade the extracellular matrix, and establish an endometriotic lesion, similar to tumour metastases [@pone.0062370-Laschke1]--[@pone.0062370-Kobayashi1], [@pone.0062370-McLaren1]--[@pone.0062370-Laschke3]. Several studies, including ours, have reported an increase in vascular endothelial growth factor (VEGF-A) levels in endometriosis, which has been suggested to be an important angiogenic factor playing a major role in the progression of the disease [@pone.0062370-Donnez1]--[@pone.0062370-GilabertEstells1]. Thrombospondin-1 (TSP-1), an inhibitor of angiogenesis, may also be involved in pathologies of the female reproductive tract such as endometriosis, in which vessel formation occurs [@pone.0062370-GilabertEstells1]--[@pone.0062370-Kawano1].

Moreover, we have observed an increase in VEGF-A levels, and proteolytic factors, like urokinase plasminogen activator (uPA) and metalloproteinase-3 (MMP-3), in peritoneal fluid from patients with endometriosis in comparison with women without the disease [@pone.0062370-Cosn1], [@pone.0062370-GilabertEstells1]. These results suggest that both tissue factors of the endometrium from women with endometriosis as well as peritoneal factors enhance the angiogenic and proteolytic capability of ectopic tissue to facilitate the implantation process.

According to previous reports, microRNAs (miRNAs) may be the main regulators of angiogenesis [@pone.0062370-Fish1]--[@pone.0062370-Caporali1]. miRNAs are 21--22 nucleotide non-coding RNAs that regulate gene expression and play fundamental roles in biological processes. These small molecules bind to target mRNAs and mediate translational repression and/or mRNA degradation [@pone.0062370-Bartel1]. Functional analysis of miRNAs has revealed their significant regulatory influence on the expression of target genes involved in both physiological and pathological conditions [@pone.0062370-OhlssonTeague1]--[@pone.0062370-Ramn1]. Aberrant miRNA expression is associated with human diseases such as cancer, cardiovascular disorders, inflammatory diseases, and gynaecological diseases [@pone.0062370-Sonkoly1]--[@pone.0062370-GilabertEstells2]. Emerging data have described a different molecular environment [@pone.0062370-Guo1]--[@pone.0062370-Aghajanova1] and an altered miRNA expression in pathologic endometrium in comparison with normal endometrium [@pone.0062370-OhlssonTeague1], [@pone.0062370-Pan1]--[@pone.0062370-Hawkins1].

As we have previously described [@pone.0062370-Ramn2], VEGF-A protein levels were significantly higher in eutopic endometrium from patients than in endometrium from control women. In addition, when different endometriotic lesions were compared, VEGF-A protein levels were significantly upregulated in peritoneal lesions in comparison with ovarian or rectovaginal endometriotic lesions. In this same study miRs -16, -17-5p, -20a, -125a, -221 and -222 were quantified in different endometriotic lesions and it was demonstrated that different lesions expressed different levels of these miRNAs. Therefore, we selected these six miRNAs due to their distinct expression in different endometriotic lesions and due to "in silico" studies suggesting that these miRNAs regulate not only VEGF-A expression but other angiogenic factors [@pone.0062370-OhlssonTeague1], [@pone.0062370-OhlssonTeague2], [@pone.0062370-Urbich1]--[@pone.0062370-Patella1].

Primary cell cultures are a useful tool for studying the response of stromal cells to peritoneal fluid components under controlled conditions. We previously studied the influence of control and endometriotic peritoneal fluid on angiogenic and proteolytic systems in endometrial cell cultures from women with and without the disease [@pone.0062370-Cosn1]. However, the effect of peritoneal fluid on angiogenesis-related miRNA expression and its correlation with angiogenesis and proteolysis in endometrial and endometriotic cell cultures have not been previously studied.

Our hypothesis is that peritoneal fluid components from women with endometriosis may alter miRNA expression in stromal cells from endometrial fragments migrated to peritoneum. Moreover, this altered miRNA expression could contribute to changes of angiogenic and proteolytic components in endometrial tissue and play a role in the establishment of the endometriotic implants.

Therefore, the aim of the present study was to investigate the effect of endometriotic peritoneal fluid on angiogenesis-related miRNA expression in endometrial cell cultures from women with endometriosis compared to control endometrial and endometriotic cell cultures and to assess whether peritoneal fluid modifies the expression of angiogenic and proteolytic factors by miRNA action.

Materials and Methods {#s2}
=====================

Ethics Statement {#s2a}
----------------

Written informed consent was obtained from all patients and controls, and the study was approved by the Ethical Committee from Hospital Universitario y Politécnico La Fe, Valencia, Spain (\#2008/0111).

Clinical Groups {#s2b}
---------------

### Patients {#s2b1}

Caucasian women with moderate or severe endometriosis (stages III-IV, revised ASRM classification system, 1997) [@pone.0062370-American1] were studied. Complete excision of the ovarian endometrioma (endometriotic tissue) was performed. The diagnosis of endometriosis was confirmed by anatomopathological examination of all specimens obtained. Endometrial biopsies (patient endometrial tissue) from women with moderate or severe endometriosis were performed using a cornier device without curettage, which takes the functional layer.

### Controls {#s2b2}

Normal endometrial tissues were obtained from fertile women without endometriosis who underwent surgery for tubal sterilization (75%) and pelvic pain (25%). The absence of endometriosis was confirmed by meticulous examination of the pelvic and extrapelvic peritoneum, ovaries, intestine, and diaphragm to detect typical or atypical endometriotic lesions. Biopsies of potential areas of endometriosis were confirmed to be negative in these women. Other gynaecologic pathologies such as adhesions or ovarian or uterine masses were also confirmed to be negative in this control group by preoperative gynaecologic ultrasound and systematic laparoscopic examination of the abdominal cavity during the intervention.

Both peritoneal fluids, from control and patients, were collected immediately after the establishment of the pneumoperitoneum and before laparoscopic manipulation. The peritoneal fluids were centrifuged at 1,500×*g* for 30 min at 4°C, filtered through a 0.2-µm pore size membrane, and stored at −80°C.

Women affected by menorrhagia or hypermenorrhea or women who had been pregnant or breast feeding during the previous 6 months were excluded from the study. None of the women had received any form of hormone therapy for at least 3 months before the study.

Tissue Samples {#s2c}
--------------

Endometrial tissue (patient endometrial tissue) from 11 women with moderate or severe endometriosis (stages III-IV) (mean age 32.4 years; range 19--40), ovarian endometrioma (endometriotic tissue) from 11 women with moderate or severe endometriosis (stages III-IV) (mean age 30.5 years; range 19--42) and control endometrial tissue from 8 women without the disease (mean age 36.1 years; range 24--43) were obtained for stromal cell isolation.

No statistical significant differences in the age of the groups were observed (patient endometrial *vs* control endometrial tissue, *P* = 0.312; endometriotic tissue *vs* control endometrial tissue, *P* = 0.116).

Peritoneal Fluid Pools {#s2d}
----------------------

10 peritoneal fluids from women with endometriosis (endometriotic peritoneal fluid pool) (mean age 33.1 years, range 27--39) and 10 peritoneal fluids from fertile women without endometriosis (control peritoneal fluid pool) (mean age 37.2, range 21--47) in the proliferative phase of the menstrual cycle were thawed and pooled.

Primary Cell Culture of Stromal Cells from Endometrial and Endometriotic Tissues {#s2e}
--------------------------------------------------------------------------------

Primary cultures of endometrial cells were prepared as previously described [@pone.0062370-Hirota1] with minor modifications [@pone.0062370-Cosn1]. Endometrial biopsies were collected in PBS containing 50 U penicillin/mL and 50 µg streptomycin/mL (Sigma) and rinsed to remove blood cells, stored at 4°C and processed within 2--18 h. No significant correlations (*P*\>0.05) between the sample processing times and the studied parameters were observed in the different groups.

Tissues were cut into 1 mm^3^ pieces and incubated at 37°C for 60 minutes in the presence of collagenase (2.5 mg/mL, Sigma). Dissociated tissues were filtered through a nylon sieve to remove undigested material. Purity of the endometrial stromal cells was higher than 95%, as evaluated by positive cellular staining for vimentin (stromal and epithelial cells) and negative cellular staining for cytokeratin (epithelial cells) and CD68 (macrophages), as previously described [@pone.0062370-Cosn1], [@pone.0062370-American1]. Cell suspension was centrifuged at 550×g for 5 minutes and the pellet resuspended in DMEM-F12 phenol red-free medium containing 10% fetal bovine serum (FBS, Invitrogen), 50 U penicillin/mL and 50 µg streptomycin/mL (Sigma). Cell viability, assessed by trypan blue exclusion test, was higher than 95%. Then, stromal cells were plated and maintained in a humidified atmosphere of 5% CO~2~ and 95% air at 37°C. The culture medium was renewed every 2 days until the cell monolayer reached confluence, and then cells were subcultured. Cells were detached using 0.25% trypsin/0.02% EDTA (Gibco BRL, Paisley, UK) at 37°C and seeded at a density of 270000 cells/well in 12-well plates. Confluent cell cultures in passage 2 were used for experimental assays.

Exposure to Peritoneal Fluid Pools {#s2f}
----------------------------------

As previously described [@pone.0062370-Cosn1], preconditioning experiments to optimize the concentration of peritoneal fluid to add to endometrial cell cultures were performed. Peritoneal fluid up to 25% final concentration had no effect on cell viability, whereas higher concentrations presented toxicity. When endometrial cells in culture were treated with 0%, 10% and 25% peritoneal fluid in serum-free medium, VEGF and uPA levels augmented with increasing peritoneal fluid concentration [@pone.0062370-Cosn1]. Thereafter, endometrial cells were treated with 25% peritoneal fluid for 4 hours in all subsequent experiments.

Cells were pre-conditioned for 4 hours in FBS-free medium, shifted to FBS-free medium (ØPF) or supplemented with 25% of peritoneal fluid pools from controls (CPF) and patients (EPF), and incubated for 4 additional hours. Subsequently, cell culture supernatants were collected and aliquoted on ice, and stored at −80°C for protein quantification. RNA was obtained from cell culture extracts and stored at −80°C until use. All experiments were performed in triplicate.

To evaluate the influence of peritoneal fluid pool treatments on the expression of all studied parameters, we calculated the difference between the levels obtained with and without peritoneal fluid exposition of cell cultures from the same patient samples. Then, we correlated results from miRNAs levels with angiogenic and proteolytic factors to determine the relationship among these parameters.

RNA Extraction {#s2g}
--------------

Total RNA from primary cell cultures were extracted using the mirVana miRNA isolation kit (Ambion, USA), according to the manufacturer's protocol. Yield and purity of RNA were measured using a NanoDrop ND-1000 spectrophotometer (Nanodrop Technologies).

Quantification of mRNAs {#s2h}
-----------------------

One microgram of total RNA was treated with DNase I (Invitrogen, Carlsbad, CA) and reverse transcribed into first-strand cDNA by using Superscript RNase H^-^ (Invitrogen) with an oligo (dT)~15~ primer (Promega, USA). cDNA was stored at −20°C until subsequent study. Analysis of VEGF-A, TSP-1, uPA, PAI-1 and β-actin mRNA expression was performed in a Light Cycler termocycler, using version 3.5 software (Roche Molecular Biochemicals, Germany). The specific primers used for amplification of VEGF-A, TSP-1 and β-actin, the reaction mixture, and the PCR conditions were performed as previously described [@pone.0062370-Pan2].

Quantification of Mature miRNAs {#s2i}
-------------------------------

For this study we selected a set of six miRNAs involved in angiogenesis (miR-16, -17-5p, -20a, -125a, -221 and -222) and RNU6B (small nuclear RNA) as endogenous control.

Quantification using the TaqMan MicroRNA Assays was done using two-step RT-PCR in total RNA samples. This method quantifies exclusively mature miRNAs but not their precursors. In the reverse transcription, cDNA is reverse transcribed from total RNA samples using specific miRNA primers from the TaqMan MicroRNA Assays and reagents from the TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City CA). Reactions were performed in an Eppendorf Mastercycler Thermocycler following the manufacture's protocol. Then, PCR products were amplified from cDNA samples using the Taqman MicroRNA Assay and the TaqMan® Universal PCR Master Mix (Applied Biosystems, USA).

Relative quantification of miRNA expression was calculated with the 2^−ΔΔCt^ method (Applied Biosystems user bulletin no. 2), using RNU6B as endogenous control. Data are presented as fold change relative to the mean of control endometrial cell culture without peritoneal fluid exposure (control endometrial culture = 1).

Determination of Angiogenic and Proteolytic Factors {#s2j}
---------------------------------------------------

VEGF-A protein level was measured using a commercially available ELISA (Human VEGF, IBL International, Germany). No cross-reactivity or interference with platelet derived growth factor was observed. This assay recognizes human VEGF-A~165~ and VEGF-A~121~ isoforms. The intra-assay and inter-assay variation coefficients were 4--6% and 7--10%, respectively.

TSP-1 protein level was quantified using a commercially available ELISA (Human TSP-1, ELISA Development System, DuoSet, RD systems, USA). No cross-reactivity or interference with TSP-2 or TSP-4 was observed. The intra-assay and inter-assay variation coefficients were 5--6% and 8--11%, respectively.

uPA protein levels were quantified by a commercially available ELISA (Zymutest uPA, Hyphen Biomed, France), which measures single-chain urokinase (scuPA) and the high weight molecular form of uPA (HMW-uPA) with similar efficiency. The intra-assay and inter-assay variation coefficients were 3--5% and 8--11%, respectively.

PAI-1 protein levels were quantified by a commercially available ELISA (Imubind tissue PAI-1, America Diagnostica, USA). The assay detects free and complexed PAI-1 and is insensitive to PAI-2. The intra-assay and inter-assay variation coefficients were 3--4% and 6--8%, respectively.

VEGF, uPA, TSP1 and PAI-1 protein levels were determined in culture supernatants and in peritoneal fluid pools. The protein amounts released to the culture medium by cells incubated with peritoneal fluid pools were calculated by subtracting VEGF, TSP1, uPA and PAI-1 contents in the peritoneal fluid pool to the total levels obtained in supernatants.

Statistical Analysis {#s2k}
--------------------

All the studied parameters showed a normal distribution. Values were expressed as mean ± standard error of the mean (SEM). Differences between means were analyzed by one-way ANOVA test. When significant *P* values were observed, post-hoc analyses were performed using Bonferroni test. Differences between studied variables in the endometrial cells from women with endometriosis vs women without endometriosis for the same treatment were analyzed by unpaired Student t-test. Correlations between variables were calculated by the bivariate Pearson correlation test. *P* values \<0.05 (two-tailed) were considered significant. Statistical tests were performed using the statistical package SPSS Release 20 for Windows (SPSS Inc.).

Results {#s3}
=======

Confluent cultures of stromal cells from patient and control endometrial tissues and endometriotic tissues were treated with serum-free medium containing control or endometriotic peritoneal fluid pools (25% final concentration) or without peritoneal fluid pools (0% final concentration) for 4 hours. [Figures 1](#pone-0062370-g001){ref-type="fig"}--[4](#pone-0062370-g004){ref-type="fig"} show levels of different parameters measured in all experimental conditions.

![Peritoneal fluid (PF) effects on VEGF-A and TSP-1 expression in stromal cell cultures from control endometrial tissue, and patient endometrial and endometriotic tissues from women with endometriosis.\
ØPF, without PF; CPF, control PF; EPF, endometriotic PF. Data are expressed as Mean ± SEM. \* *p*\<0.05; \*\* *p*\<0.01; \*\*\* *p*\<0.001; vs ØPF from same tissue culture, ψ *p*\<0.05 vs ØPF from control endometrium culture. A: VEGF-A protein; B: VEGF-A mRNA; C: TSP-1 protein; D: TSP-1 mRNA.](pone.0062370.g001){#pone-0062370-g001}

![Peritoneal fluid (PF) effects on uPA and PAI-1 expression in stromal cell cultures from control endometrial tissue, and patient endometrial and endometriotic tissues from women with endometriosis.\
ØPF, without PF; CPF, control PF; EPF, endometriotic PF. Data are expressed as Mean ± SEM. \* *p*\<0.05; \*\* *p*\<0.01; \*\*\* *p*\<0.001; vs ØPF from same tissue culture, ψ *p*\<0.05 vs ØPF from control endometrium culture. A: uPA protein; B: uPA mRNA; C: PAI-1 protein; D: PAI-1 mRNA.](pone.0062370.g002){#pone-0062370-g002}

![Peritoneal fluid (PF) effects on miRNA expression in stromal cell cultures from control endometrial tissue, and patient endometrial and endometriotic tissues from women with endometriosis.\
ØPF, without PF; CPF, control PF; EPF, endometriotic PF. \**p*\<0.05; \*\**p*\<0.01; *p*\<0.001 vs ØPF same tissue culture. miRNA expression is presented as fold change relative to control stromal cell culture without peritoneal fluid (control endometrium ØPF = 1). A: miR-16; B: miR-17-5p; C: miR-20a; D: miR-125a; E: miR-221; F: miR-222.](pone.0062370.g003){#pone-0062370-g003}

![Correlation between changes in miR-16 vs. VEGF-A protein levels in eutopic endometrial (A) and endometriotic cell cultures (B) from women with endometriosis after treatment with both peritoneal fluid pools compared to cell cultures without peritoneal fluid treatment.\
Change: differences between parameter levels with and without peritoneal fluid treatment.](pone.0062370.g004){#pone-0062370-g004}

Effect of Peritoneal Fluid on VEGF-A and TSP-1 Levels of Endometrial Cell Cultures from Patient and Control Endometrial Tissues and Endometriotic Tissues ([Figure 1](#pone-0062370-g001){ref-type="fig"}) {#s3a}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Control and endometriotic peritoneal fluids significantly enhanced VEGF-A protein levels in all tissue cultures when compared with the corresponding cell culture without peritoneal fluid ([Fig 1A](#pone-0062370-g001){ref-type="fig"}). However, peritoneal fluid pools did not significantly modify mRNA expression of VEGF-A ([Fig. 1B](#pone-0062370-g001){ref-type="fig"}). The highest VEGF-A protein level was observed in endometrial and endometriotic cell cultures from women with endometriosis treated with the endometriotic peritoneal fluid pool ([Fig.1A](#pone-0062370-g001){ref-type="fig"}).

In addition to VEGF-A, which is the most important inductor of angiogenesis, we also studied the main inhibitor of angiogenesis, TSP-1. Treatment of endometrial and endometriotic cell cultures with peritoneal fluid did not significantly modify TSP-1 expression ([Fig 1C and 1D](#pone-0062370-g001){ref-type="fig"}).

In the absence of peritoneal fluid exposure, a significant increase (*P*\<0.05) in VEGF-A protein levels was observed in endometriotic cell cultures (52.90±16.45 pg/ml) and patient endometrial cell cultures (37.14±11.22 pg/ml) in comparison with control endometrial cell cultures (1.23±0.07 pg/ml) ([Fig 1 A](#pone-0062370-g001){ref-type="fig"}).

Effect of Peritoneal Fluid on uPA and PAI-1 Levels of Endometrial Cell Cultures from Patient and Control Endometrial Tissues and Endometriotic Tissues ([Figure 2](#pone-0062370-g002){ref-type="fig"}) {#s3b}
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Control and endometriotic peritoneal fluid pools induced a similar significant increase in uPA and PAI-1 protein expression ([Fig 2A](#pone-0062370-g002){ref-type="fig"}, [Fig 2C](#pone-0062370-g002){ref-type="fig"}) without significantly modifying mRNA levels in primary cell cultures of endometrial and endometriotic stromal cells ([Fig 2B](#pone-0062370-g002){ref-type="fig"}, [Fig 2D](#pone-0062370-g002){ref-type="fig"}).

Effect of Peritoneal Fluid on the Level of miRNAs Related to Angiogenesis ([Figure 3](#pone-0062370-g003){ref-type="fig"}) {#s3c}
--------------------------------------------------------------------------------------------------------------------------

We selected 6 miRNAs that could be involved in the regulation of angiogenic factors (miR-16, -17-5p, -20a, -125a, -221 and --222).

Exposure of control endometrial cells to peritoneal fluid ([Figure 3](#pone-0062370-g003){ref-type="fig"}, white bars), reduced the level of the six miRNAs studied. Exposure of patient endometrial tissue (grey bars) and endometriotic tissue (black bars) cells to peritoneal fluid also reduced miRNA levels, but this reduction was not always statistically significant. The highest miRNA decrease was observed after exposure to endometriotic peritoneal fluid in all cases. Results are expressed as fold change relative to the mean of cell cultures from control endometrium without peritoneal fluid treatments.

Correlation between Changes in miRNA Expression and Changes in Angiogenic and Fibrinolytic Parameters after Treatment with Peritoneal Fluid Pools {#s3d}
-------------------------------------------------------------------------------------------------------------------------------------------------

To evaluate the influence of peritoneal fluid on the response of the angiogenic system we calculated the difference between each treatment and the basal expression of each studied parameter. We correlated the difference observed in angiogenic or proteolytic factors with the difference observed in miRNA expression after peritoneal fluid pool treatments.

A significant inverse correlation was observed between changes in VEGF-A protein and miR-16 levels in eutopic endometrial and endometriotic cell cultures from women with endometriosis after treatment with peritoneal fluid (r = −0.525, *P* = 0.018 and r = −0.733, *P* = 0.001, respectively) ([Figure 4](#pone-0062370-g004){ref-type="fig"}). Furthermore, a significant inverse correlation was observed between changes in VEGF-A protein and miR-17-5p *(*r = −0.739, *P* = 0.001), miR -20a *(*r = −0.676, *P* = 0.001), miR-125a (r = −0.567, *P* = 0.01) and miR-222 (r = −0.494, *P* = 0.037) levels in endometriotic cell cultures from women with endometriosis after treatment with peritoneal fluid.

Finally, assessment of the changes in expression of angiogenic and proteolytic factors in response to peritoneal fluid revealed a significant positive correlation between VEGF-A and uPA levels in control endometrial cultures with and without peritoneal fluid exposure (r = 0.719, *P* = 0.001).

Discussion {#s4}
==========

This study evaluates the influence of peritoneal fluid from women with or without endometriosis on the expression of six miRNAs that modulate angiogenesis, as well as several angiogenic and proteolytic factors, in endometriotic and endometrial cell cultures from women with and without endometriosis.

Several studies have indicated that endometrium and peritoneal fluid from women with endometriosis have different expression patterns of several angiogenic and proteolytic components in comparison with endometrium and peritoneal fluid from control women, suggesting that these systems play a role in the pathogenesis of endometriosis [@pone.0062370-Donnez1]--[@pone.0062370-Takehara1], [@pone.0062370-GilabertEstells1], [@pone.0062370-Tan1], [@pone.0062370-Ramn3]--[@pone.0062370-Cho1]. Peritoneal fluid is a dynamic media with continuous changes in the volume, the cellular components and cytokines. Moreover, it has been described that some inflammatory, immunological and oxidative stress components are dysregulated in endometriotic peritoneal fluid [@pone.0062370-Velasco1]--[@pone.0062370-Carvalho1]. All of these alterations could dysregulate miRNA expression in stromal cells of endometrial fragments migrated to peritoneum, facilitating the implantation of ectopic lesions. In a previous report, we showed that endometrial-peritoneal interactions increased the expression of angiogenic and proteolytic factors in endometrial cells and suggested that this contributes to the establishment of endometriotic lesions [@pone.0062370-Cosn1]. However, the specific mechanisms by which peritoneal fluid components modulate the expression of angiogenic and proteolytic factors in endometrial and endometriotic cells have not been previously elucidated.

The present study shows that peritoneal fluid from women with endometriosis induces the highest decrease in angiogenesis-related miRNAs and the highest increase in VEGF-A protein levels in endometrial cell cultures from patients. The increase in protein levels without significant modification of mRNA levels could suggest a miRNA-mediated action on post-transcriptional regulation.

miRNAs, which have emerged as important regulators of gene expression, are involved in most cellular processes and many diseases, including endometriosis [@pone.0062370-OhlssonTeague2]--[@pone.0062370-Ramn2], [@pone.0062370-Ng1], [@pone.0062370-Zorio1]. An increasing number of studies have described the relationship between miRNAs and angiogenesis [@pone.0062370-Fish1]--[@pone.0062370-Wu1], [@pone.0062370-Urbich1] and emerging data suggest that dysregulation of miRNA expression is involved in endometriosis [@pone.0062370-OhlssonTeague1], [@pone.0062370-Kuokkanen1], [@pone.0062370-Pan2], [@pone.0062370-Hawkins1], [@pone.0062370-Ramn2], increasing the likelihood that miRNAs could be used as biomarkers and therapeutic tools for this disease [@pone.0062370-Wittmann1], [@pone.0062370-Gilad1], [@pone.0062370-Reid1].

In the present study, treatment with peritoneal fluid resulted in decreased levels of miRNAs related to angiogenesis (miR-16, -17-5p, -20a, -125a, -221 and --222) and an increase in VEGF-A protein levels. The six miRNAs assessed in this study were selected for this *in vitro* model because they regulate VEGF-A expression directly or indirectly [@pone.0062370-Wu1], [@pone.0062370-Wang1], [@pone.0062370-OhlssonTeague2], [@pone.0062370-Qin1]. We found a significant correlation between the decrease in miR-16 and the increase in VEGF-A in response to peritoneal fluid exposure in endometrial and endometriotic cell cultures. This correlation could indicate regulation of VEGF-A translation by miR-16. It has been shown that VEGF-A is a target gene for miR-16 in several cell types, indicating that miR-16 could be an important regulator of angiogenesis [@pone.0062370-Caporali1], [@pone.0062370-Urbich1], [@pone.0062370-Ramn2]. However, further experiments would be needed to test the hypothesis.

Furthermore, a significant inverse correlation was observed after peritoneal fluid treatment between the increase in VEGF-A protein expression and miR-17-5p, miR-20a, miR-125a and miR-222 levels in endometriotic cell cultures. These results suggest that peritoneal fluid modulates angiogenesis in endometrial and endometriotic stromal cells via miRNA action.

miRNAs -17-5p and -20a are contained in the miR-17-92 cluster, which has a complex role in angiogenesis [@pone.0062370-Caporali1], [@pone.0062370-Doebele1], [@pone.0062370-Mendell1]. While miR-17-5p, has pro-angiogenic activity [@pone.0062370-Dews1], [@pone.0062370-Surez1], miR-20a displays anti-angiogenic activity by targeting VEGF-A [@pone.0062370-Hua1]. Recently, Doebele *et al.* [@pone.0062370-Doebele1] showed that miR-17 and miR-20a exhibit a cell-intrinsic anti-angiogenic activity in endothelial cells. Another angiomiRs, miR-221 and miR-222, with a demonstrated anti-angiogenic activity by targeting c-kit, have been shown to inhibit endothelial cell migration, proliferation, and angiogenesis *in vitro* [@pone.0062370-Poliseno1]--[@pone.0062370-Li1].

Several groups have studied peritoneal-endometrial interactions, showing that peritoneal fluid components (cytokines, growth factors, steroid hormones, and angiogenic and proteolytic factors) play an important role in the pathogenesis of endometriosis [@pone.0062370-Liu1], [@pone.0062370-Velasco1], [@pone.0062370-Michaud1], [@pone.0062370-Sacco1]. Moreover, cell types such as macrophages and endometrial and red blood cells have been detected in peritoneal fluid. Endometriotic peritoneal fluid reportedly induces the production and release of VEGF by neutrophils [@pone.0062370-Cosn1], [@pone.0062370-Na1], [@pone.0062370-GilabertEstells3]. Our data show that endometriotic peritoneal fluid induced the highest increase in VEGF-A protein levels and the lowest miRNA expression in endometrial cell culture from women with endometriosis. Therefore, we hypothesized that an increase in cytokines or growth factors present in endometriotic peritoneal fluid contribute to the increase in angiogenic processes via a reduction of miRNAs that inhibit the translation of angiogenic factors. Hence, this reduction would induce an increase in protein levels of their target genes.

Extracellular remodelling is necessary during the initial stages of angiogenesis. The enzymes involved in extracellular proteolysis include components of the plasminogen system [@pone.0062370-Pepper1], [@pone.0062370-Zorio2]. Given that VEGF-A has been shown to induce uPA expression [@pone.0062370-Pepper1], it seemed reasonable to study angiogenic and fibrinolytic systems in our study subjects simultaneously. Furthermore, it has been reported that uPA levels are significantly higher in the endometrium from women with endometriosis than in controls [@pone.0062370-GilabertEstells1], [@pone.0062370-Ramn3], [@pone.0062370-Cho1], [@pone.0062370-GilabertEstelles1]--[@pone.0062370-Sillem1], In the present study, we observed a significant induction of uPA and PAI-1 protein in the stromal cell culture in response to the presence of both peritoneal fluids. Moreover, a significant positive correlation was observed between the changes in VEGF-A and uPA protein levels in control endometrial culture after exposure to peritoneal fluid pools. The increase in proteolytic factors induced by peritoneal fluid from patients may also favour angiogenesis and invasive properties in this tissue.

The relationship between protein and mRNA levels of several angiogenic and proteolytic components may reflect the posttranscriptional regulation of the expression of these factors and their role in the development of endometriosis. It is important to emphasize that peritoneal fluid induced the expression of VEGF-A and uPA proteins but not of their corresponding mRNAs in the present study, which could be explained by miRNA action.

Limitations of the present study: In this study we have only evaluated six miRNAs, but it would be important to enlarge the number of angiomiRs to assess the importance of miRNAs in the regulation of the angiogenesis in the endometriosis development. Future functional studies (gain and loss of function experiments) are required to confirm the correlations between miRNAs and protein levels observed in the present study. Endometriosis is a multifactorial disease in which systems like angiogenesis, inflammation, immune system or epigenetics may be implicated in the pathogenesis of this disease. So, studying miRNAs action on establishment of ectopic lesions it is not enough to complain this complicated disease. It would be necessary to evaluate the implication of other systems in miRNAs regulation to better understand the cellular processes under the endometriosis development.

Conclusions {#s5}
===========

In this study we have observed that peritoneal fluid from women with endometriosis decreased the expression of six angiomiRs that could act as modulators of the translation of angiogenic and proteolytic factors in patient endometrial cells. Moreover, we have observed an inverse significative correlation between miRNA and protein levels. However, further validation of the targets of these differentially expressed miRNAs is necessary to clarify the role of miRNAs in the regulation of angiogenesis in endometriosis.
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